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Abstract 



The role of information-processing tas^ analysis m linking psychological 
theory to instructional practice is illustrated with reference to reading. 
Two detailed information-processing models of decoding skills are com- 
pared to show how psychological considerations suggest the superiority of 
one model over the other as a basis for instruction. Procedures for teach- 
ing the superior model arc examined and related to general principles of - 
instructional design, and examples ot research questions generated by 
instructional practice are discussed. A final section considers the role 
of task analysis in bringing psychological theory to bear»on instruction m 
the complex skill of reading comprehension.. A generfiil map of the domain 
of reading comprehension is proposed and consideration given Its imphca- 
tions for both research and instruction. 
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DESlGNlNp INSTRUCTION IN READING: 
INTERACTION OF THEORY AND PRACTICE 



Lauren B. ResnicK and Isabel L. Beck 

*• 

Learning Research and Development Center 

University of Pittsburgh ' 

This paper is about reading. It is also, more generally, about 
instructional design strategies and about the relationship between psycho- 
logical theory and its applicatn^ns in education. A common conception con- 
cerning this relationship between theory and practice is that there exists 
a Unear. one-wa> ommunicatidn. According to this vievt, scientists offer 
the ir'^JknoM. ledge and principles for others to apply, but they continue to 
drawr thVir re search 'questions almost exclusively from within the "basic" 
Science f.^^Vnmunity . We take a different point of view here. We consider 
it to be more fruitful for both parties if application and science maintain 
interactive comh^unic ation. a communication in which scientists direct their 
attention, in part, to questions ^hich are posed by social needs and irt which 
application experts- -\n the present case, instructional designe rs - -become 
active partners in the gi^eration and testing of theory. (See Resnick, 1'975, 
for a more general discussion of the relationship betwtien basic science and 
instructional design. ) 

As colleagues, we reprCs^ent personally the kind of interaction about 
which we are speaking. We arje a psychologist (Resnick) and -a reading 
specialist (Beck) who work m a uniq^ie institutional environment (the Learn- 
ing Research and Development Center at the University of Pittsburgh) that 
not only accepts, but aisp actively encourages collaboration across disci- 
plinary boundaries.. In this paper, we will refer extensively to a primary 
grade reading program \vhose development, under Beck's direction. 
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cxeinpUiies the kind of interaction but^ccn s».icnti»ts. and pra«^tilumt r^, 

pfc.> c hologi sLs> and instru*. tional de^ikjncri*. ITiai we uould hkc to iyw bc^unic 
\ 

more widespread. Dvirirrg our discussion, we allude to certain s>eunients 
of .the i^rograrh but make no atten.pt^to des.<ribe^ii iu]K. Rattn^r, we det>c nbe 
particular portions ol the program thai help to illustrate the points* we are 
making about the content and torm oi early reading instruction and thtir 
relation to an emerging theory oi instruttion. 

The term instruction is used here in its most general sense. It 
refer& to an/ set ol environmental condition^ deliberately arraYiged to luster 
increases in competence. Thus, instruct.ion includes demonstrating, tell- 
ing, and explaining, but it also indufles physical arrangements, the struc- 
ture of presented material, sequences of tasK demands, ar^d responses to 
the learner's actions. A theory of instruction must concern itself with tl»e 
relationtrhip between any niodiiications in the learning environment and the 
resultant changes in competence. When we are concerned with intellectual 
competence, developing a theory of instruction requires a nieans of describ- 
ing states of intelle ctual ^competence in psychological terms and, ultimately, 
a means ol relating manipulationb of the learning environment to changes in 
the se^ -state s. 

Task analysis plays a central role m the development of a theory of 
instruction lor intellectual or ' cognitive" domains such as reading. By 



1 

The program id designed to teach reading in a primary school envi- 
ronme?ii that is committed to adaptation to individual differences. The 
early portions of the program have been used in trial versions ^^ith several 
hundred kindergarten and first-grade children. Tests of the more advanced 
levels are now underway. The program is * complex one, using multiple 
resources- -teache r and cassette-led instruction, self- instructional mate- 
rials, games, free reading activities, and the like. (See Beck & Mitroff, ^ 
1972, for a full rationale and description of the system. ) 



task analysis we mean the translation ol subject-matter descriptions into 
psychological dub.J'riptions that take into account such basic psychological 
processes as attention, perception^ memorv. and hn^iui^tic processiA^. 
Such analysis links the complex tasks* of education to tne constructs devel-* 
oped m the laboratory and provides psyv^ologA^ally sound descriptions of 
the content of ins,truc tioh. With the content thus described, U beconie's ' 
possible to apply psychological principles of lOarnmg and performance to - 
the design of interventions that aill facilitate the acquisitiori of competence, 
and the maintenance of desirable levels of performance. ' 

4 • ♦ 

In this paper, we attempt to illustrate the role of information- 
processing task analysis m linking psychological theory to instructional 
practice.' We begin by focusing on a limited^part of the reading domain--, 
decoding. We propose a pair oi detailed information-processing models 
ot y^ord attack beh^vivr and »hbw how psychological consideralions suggest 
the superiority of one model over the other as a basis for instruction. We , 
then examine actual instructional procedures for teaching the model selected, 
and we /elkfce these procedures to certain general principles of instructional 
design. We also discuss research questions that are stimulated by the 
existence of instructional- programs, thus completing the communication 
<fycle between practice and science. 

In a later section, wc consider the kinds'* of analyses that \^all be 
needed to bring psychological theory to bear on instruction m the complex 
skills of reading comprehension. We propose a general psychological "map" 
oi reading comprehension and consider what it lynphCs for reading instruc- 
tion. Throughout this paper we draw attentidti to the problem- solving 
nature of reading behavior, particularly its characteristic succo.ssive 
reduction of uni.c rtainty . an.d to the implications of this analysis for both 
instruction and rescfB-nch in reading. ^ 



■ Initial Reading 

Choosing A Basic AppJLoach 

Over the yeirs thuro h*5s been substantral debate concerning appro- 
priate strategies for initial reading instract%i}. « Witjiout reviewing the 
'*great debate" ( see Chall, l"^67) over decoding app»roaches opposed to 
"whole word" approaches to reading, it may be useful to point out a set of 
hidden assumptions that underlies the differences of opinion. Proponents 
of various whole ►word approa^'s- -basal reading, laj:\guage experience, 
and so on- -usually assume -t4iat good mrtial reading should match skilled 
reading performance as closely as possible. In other words, since skilled 
readers process units such as words and s^entences, so should beginning 
readers, even if they can manage only a few words and sentences. Similarly, 
since skiTIeS' readers mterprel and apply what they are reading', so should 
beginning readers. 3y contrast, a decoding emphasis in early reading 
assumes that the initial job is to learn the most generative form ol the 
reading process- -a forfn that is relatively easy to learn and thatr allot^s 
the learner to later approximate the performance pf skilled readers. 

We adopt here a code -breaking~approach to initial reading. In doing 
so we agree with the large majority of scholars--both psychologists and 
linguists --who argue that a fun^fEmnrtal task of initial re^Jing is learning 
the structural relationships between written and spoken language, that is, 
the giiaphe me -phoneme mapping that characterizes the language (see Chall, 
1967; Diederich, 1973), While virtually all scholars concerned with read- 
ying now agree that early and regular msirthction in some type of code break- 
ing is needed, there still exist competing theories about how code breaking 
-«=Tts.elf should be taught. There are two major appj;paches, the analytic 
and the synthetic. The analytic approach attempts to teach ^naphemq- 
phoneme orrespondenccs to the child by having her examine displays of ' * 
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words that share and contrast major bpelhng patterns. The synthetic 
—approach teaches grapheme -phoneme curreBpondences directly by having- 
the child assemble \^ords from phonemes. The main point of difference 
betw^een the tw.o approaches conicrn-s whethef^r learners should ever be 
asKed to pronuuncc individual phonen.es outside oi the auditory context of 
the entire v-vord. Proponents of the analytic approach argue that since 
isolated phonemes do not occur m natural speech, the blending process of 
the synthetic approach unnecessarily and unnaturally burdens the child and 
magnifies the difficulties of the learning tasjc. 

The analytic mejhod of teaching Qecoding may indeed avoid <he^ prob- 
*lem of pronouncing isolated phonemes and of blending them. Howevei**, it 
introdu<.es anoth^ r problem v^hich may be even more difficult for the child. 
Analytic decoding methods do not eliminate the need to abstract phonemes 
from the speech stream; in fact, they require that the child independently 
'extract the phonemes. Tfeis detection of phonemes requi^^^-s-quite extensive 
skills in auditory analysis and nn general concept attainment strategy. For 
at least' some children these demands are top great. By contrast, the syn- 
thetic approach provides direct holp by indicating the units with which the 
child must deal. The child's attpntion i^ directed to the grapheme, and the 
phoneme is s»^nded, she need no^^hscover the relationship independently, 
FurtLhermore, a natural feedback syff»^m is inherent in the process. Since 
phonemes do indeed normally occur ift^e environment of other phonemes 
rather than m isolation, the child can test her own verbal production (the 
re^iult of blending) against what "sounds right. ' Foi^example, havang 

blended /k/ /a/ ft/ to produce c_at, she can test to see whether she has 

" * t 

pronounced a word that is in hnr aural vocabulary. 

. -* * 

For these general reasons, we^avor a synthetic approach to decod- 
ing instruction. However, since one of the primary pedagogic obiectiona to 
this approach has been the difficulty of learning the process of blending, we 
have sought a means of simplifying and making more explicit the proceg^s of 

V . 
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putting :»ounds together. For this purpose, we have analysed two po&sible 
strategies ot blending, one commonly used i^ initial teaching, and one we 
developed while working wit^h children who were having^ diffu ult^ in learn- 
ing to read. * > ./^ ^ i 

■' ' - . • ■ \ " • - 

Analys;s of the Decoding Proce<>s -s^^ 

•■ ■ ^ X 

7wo blending procedur(^;B^ FigurKJ shows ttie general structure of 
the two bleflding routines we examined. In <^^ch case,^ the roCitme is capable 
of decoding single - syllable , regularly spelled vC?ords--the typical vocabulary 

oT ai>eginning phonics program. At the left (Figu\e la), the procedure is . 

. • .1 \ ^ 

one in which the sound of each grapheme is given anci stored; the synthesis 



occurs only arfter the final phoneme n as been pronouncVd. We call this the 
'final blending procedure, sincC blending is postponed until the very last 
step. Figure lb, at the right, shows a procedure for successive blending. 
As soori a> t\vb sounds are produced, they are blended, and successive pho- 
nemes are incorporated m the blend as they are p.ronounced.' 

The final blending and successive blending routines can be thought 
of as different "executive prxDgrams ' that call upon the same set of decisions 
and tactions, finding graphemes in sequence (Component A), pronouncing 
identified grapliemes (Component B), storing (rf^membering) pronounced 
sounds (Componlent C), deciding whether more graphemes remain to be 
sounded (Components JD and E), blendin*^ (Component F), and, finally, in 
each case, matching the produced word against one's linguistic knowledge 
to detertnine whether the word generated is an acceptable Wecoding. The 
two rpvitines differ only in the organization of these compoAents, a difference 
that appears to have importanf consequences fot; the eaac^of learning and 
perforpimg the decoding act. 

To illustrate the differences between the two blending routines, let ^ 
us use the word cats an example and analyze the exact respects in which 



the two routines differ. The ^hild'^io uses the final blendmg routme woi\ld 
proceed as follows: /k/ /a/ /t/ /s/ ^.ats. The child who uses the second 
system would proceed thus: /k/ /a/ /ka/ /t'/ /k^t/ /s/ /kats/ cats . 

Consider the contrast between the two procedures. In the final ' 
blending routine, each grapheme's sound is given, and the fi^l set of pho- 
nemes in the word must be held in memary until the entire word has been 
"sounded out"; only then does blending occur. But in the sui,eessive blend- 
ing routine, blending occurs sequentially, at each stage at which a new pho- 
neme IS pronounced. At no time must more than two sounds be held in 
memory (the sound immediately produced and the one that dwH;^ly precedes 
it) and at no *time must more than two j'ound units be blended, ijhus, the 
Routines differ in two respects: (a) thj; maximum number of sound units to 
be helH^in memory du-ring decoding and (b) the maximum number of units ta 
be blended. The s^tandard routine at the left of Figure 1 requires remem- 
bering each of the separate units that the reader identifies as graphemes. 
The' routine on the Tight never requires remembering more than two units. 

■ It would seem, at first glance, that while the two routines might 
produce different levels of difficulty for the pronunciation of long or com- 
plex words, they woutd be abotit eqi7ally difficult for the shorter words 
(usually no more than three of four graphemes) that compose the beginning 
reading v^ocabulary of any phonically oriented instruction. After all, first- 
grade children normally have a memory span that can easily encoiVipass 
\:hree el(?ments (as shown, for example, by the digit span test of the Stanford 
Binet, which expects memory of tl\ree digits at age 3; five at age 7). 

Tests such as the digit span, however, require only that items be 
held in memory. Items need not be generated, and no competing processing 
interferes witlT retention. This, however, is not the case during decoding. 
A substantial amount af other processing must occur simultaneously with 
the retention of phoneme elements. Assuming a limited working spaqe or 

t 
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"working n^emory' (as is common in virtually all current information- , 
processing theories), this additional procesSing*ii> likely to interfere with 
remembering the sounds, or rehearsal of the sounds m^y interfere with 
other processing (see Baddeley L Ffitch, 1974; Posner^ Rossman, 1965). 
Itt either case, decoding may not soacceed. 

T he Find Next Grapheme subroutine. The complexity of the Com- 
peting processing tasks can best be appreciated by considering some of the 
subroutines in the two blending procedures. % Figure Z shows an analysis for 
the subroutine Find Next Grapheme (Subroutine A). This subroutine is 
required because of a small but significant number of ca^es in which graph- 
emes consist of pairs of letters that carry a single sound. Such graphemes 
are digraphs (e. g. » <clri> , ^ ea> or diphthongs (e. g. , <py> ). If the reader 
neglects to look ahead in order to detect the presence oi a digraph or a' 
diphthong, then ^he cannot correctly decode the word. The reader must 
iirijl lind the leftmost letter not yet sounded (AI), If more letters remai.:;^^ 
{AZ]z she finds the succeeding letter (A3). Embedded in these simple state- 
meftts, but not explicitly sliown as subroutines, is a complex Set of require- 
ments whicfi, involves mainlaining left-to- right encoding during reading ^"^^ 
keeping track spatially of one's position within a word and within a line of 
text. This spatial information must be maintained despite the interruptions 
of sounding. Thus, these simple steps place considerable deaiands upon 
a beginning reader, demands that compete for processing space with the 
retention of the sounded-out phonemes. ' 

Having focused upon two successive letters, the reader m/ast decide 
whether they form a^single digraph or a diphthong (A4). Thi.s decision 
assumes that the individual has irt long-term memory a list of-digraphs and 



diphthO^s with whi/ch the current letter sequence is m^^tched. Pr^sumabl 
this listAs gradually compiled during thetcoiirse of learning to read and > 
becomes longer and longer as the acquisition of reading ability progresses. 
If two letters form a digraph or dipVithong, they are classified jointly as a 
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grapheme (cl^/^ltvd the target grapheme' in the analyses) at A6, and control 

»^ 

* of behavior is now returiY6d to the executive program (Figure 1). ^ the two 
letters do not lorm a single graphepne, attention is returned to the first . " 
letter identified in the subroutine, and that letter is classified as the target 
grapheme (AS). Control is then returned to the "executive. The return of 
control Signilieo completion oi'ikjfi subroutine, the exei^ulive will now move 
to the next subroutine indicated. In both the final blending and the succes- 
sive bfending executives> the next subroutine is Pronounce Grapheme (Sub- 
routine B of Figure 1), 

The Pronounce Grapheme subroutine . Figure 3 shows the subroutine 
for the pronunciation ojf graphemes. This subroutine assumes that a target 
grapheme has been identified. The pronunciation rou-tine depends upon 
whether the target grapheme is a cor^sonant or a v9wel unit (Bl). If it is a • 
consonant, the grapheme must be mf^tched against a stored list that classi- 
fies consonants as variant or invariant in pronunciation (B2). If it is vari- 
ant (e.g. , th^ letter £), the next letter is scanned (B3) for information 
. regarding the appropriate pronunciation of the targot (e.g., hard sound if 
an a follows, soft ^sound if an ^•follows). On the basis of the next letter,. , 
the target grapheme is pronounced (B4). ContVol then returns, as it does 
after an^i pronunciation, to the executive program. If the target grapheme 
is classified as a vowel (B5), it can be either a single vowel (B6) or a vowel 
tiigraph or diphthong. If it is a digraph or diphthong, then that vowel com- 
binaHon is pronounced (B7) without fxirther scanning, since Ehe succeeding 
context Will not typically determine pronunciation in regular words. If the 
target ts a single vowel, the decoder looks at the remaining letters (B8) 
and decides wheth6'r the remaining letter^are all consonants (B9) (e.g.. , 
<nt> ii\ ant , or* tch> in stretcH ). If so, then the target«grapheme is pro- 
nounced the short vowel sound (BIO). If the remaining letters are not * 
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all consonants, the decoder notes the final e (BID, which is the only non-r 
consonant ending possible m regular single syllable words, and the target 
vowel as pronounced with the long', vowel sound (B12f). 

* The Pronounce Grapheme subroutine will succeed in a^large, but 
nevertheless limited, set of word environments. ^It assumes single syllable 
words, with regular grapheme-phoneme mappings. The routine would have 
to be expanded substantially tp cope witji »-ertain words with very unusual 
grapheme -phoneme structures. Nevertheless, the basic patterns of deci- 
sions and classifications, based upon scanning the .surrounding grapheml€ 
context, would undpubtcdly cKaracte rize such an expanded routine. A fur- 
ther point IS import^int to keep in mind: The subroutine for pronouncing 
graphemes does not- -cannot_ in tnghsh- -guarantee a correct pronunciation. 
It provides only a workable routine foiT generating a candidate proni^nciation, 
a pronunciation that, upon, retuf h to the executive routine* must be tested 
m order to determine if a recognizable word has beep generated. If the ^ 
candidate pronunciation does not produce a recognizable woi'tl, alternate 
pronunciations will be tried. Thus, (he total program, including executive 
and subroutines, can be characterized as a generate -and-test program,^ a 
type of program that is heuristi.c in nature and that iteratively g^fhers And 
organizes information. f 

* The Task Analyses as Routines i6x Instruction 

» 

The task analyses just presented can be thought of as detailed hypoth 
eses that will be effective in instruction. Several criteria that are relevant 
m selecting such routines can be derived from a gener^al consideration of 
the relationship between the structure of a tAsk as defined by .th«^ subject 
matter, the ease with which partijcular routines can be learned or taught, 
and the performance of skilled individuals on a task (sefe Resnick, in press). 
To put the case m its /lo&t general form, it<would seem useful to think 'pf 
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a "triangulation" relationship bet\\een Usk 5jtrui.lure/ initial acquisition ol 
^ a skill, and skilled performance. This relationship is schcrualiZ'ed in 
Figure 4. As suggested by the figure, a good instructi6nal routine must 
be clearly rel^ated to the structure ot the subject matter (the A-B relation- 
ship). The instru».tiOnal routine, once acaliired, must also put the learner 
in a position to move to more skilled or fluent performance such as char- 
acterizes skilled individuals (the B-C rc/ationship). Skilled performance, 
in turn, will also reflect the structure 6{ the subject matter, but at a dif- 
ferent level; it will include efficiencies based on the elimination of redun- 
dant steps, the use of larger units of /information, and so.forth. This set 
'of relationships suggests the foUowi/ig criteria for a good instructional 

routine: • / 

/ 

1. The routine must embbdy a good representation of the subject 
matter structure . 

2. The routine must be teachable v;ith relative easr. 

3. The routine as taught must be transformab.le into the more 
efficient routines of the skilled individual. 

Let us elaborate somewhat on each of these criteria, suggesting how 

the present analyses m^et them and describing how the analys<?s have influ- 

/' 

enced instructional de/risions. 



Representation of subject matter . The, Decoding routine-s discussed 
earlier represent grapheme-phoneme cor w^sp^ndences (the subject matter) 
in the form of an '^idealized" performance. Xlle routines include a repre- 
sentation of the grapheme structure, as opposed t'o single-letter structure, 
of English (as in the Find Next Grapheme subroutine). They show how the. 
surrounding grkphemi^c context affecta.pronunciatiOn of any single grapheme 
(in the Pronounce Grapheme subroutine). In fact, the expUcitness of these 
representations suggests quite strongly the order in which specific symbol/ 
sound cor respoVidenc e s should be introduced m instruction. This is a cen- 
tral decision in the design of any decoding-onented program. Two criteria 

\ 
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are traditionally used, (a) the ease with which a given symbol/sound cor- 
respondence can be learned, and (b) the utility of a grapheme, in conjunc- 
tion wilh other graphemes, in generating meamngiul and possibly putureable 
words. The first A.riterion in particular suggests that highly regular" and 
simple grapheme i> should dominate the early phases of instruction. This 
would usually mean invariantly pronounced consonants and only a single, 
usually the short,^vowel sound. It would also mean single letters as opposed 
to digraphs. The analyses of the Find Next Grapheme and Pronounce Graph- 
eme subroutines (Figures 2 and 3) suggest, however, that th,is strategy may 
hinder a child's subsequent reading progress by discouraging ^*-anning ahead 
to identify graphemes and their pronunciations, beha'vior that is character- 
istic to both routines* In Our curriculum, therefore, examples of consonant 
anjl, vowel digraphs are included eai'ly in the graphemic sequence, as are 
both short and long single vowel pronunciation^atterns. Thus, even when 
exposed to a relatively limited and regularly patterned corpus of words, the 
child learns that reading involves a searching ahead for information and that 
it cannot ^be performed as merely a chain of responses. 

Teachability . Our comparison of the final and successive blending 
prXKedures, we believe, strongly .suggests the advantages of the latter pro- 
cedure. Th*e advantage of successive blending Ues essentially in the reduc~ 
fion of memory load, which for many children may make the difference 
botween a learnable and an unlearnable word attack routine. For this reason 
wc systertqiatically teach the successive blending routing- in our program. 

Transformabilit^ Skilled readers do not often go through a decod- 
ing proces^ as .detailed as the one we have shown. They do not usually 
read in letter or graphCmic units^. I'Ti^ fact, the speed at which normal skilled 
reading occurs suggests that for rnuch reading there may not be a full inter- 
vcning traaslation into an auditory form. Even when they encounter difficult 
words, skilled readers are likely to analyze the words in terms of syllabit^^ 
or morphemit" units rather than graphemes. 
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Although the units change, it seems reasonable to suggest that the 
baSic llow of generating and combining sounds is probably the same for 
advanced as for beginning readers. It v^ould be simple, for example, to 
rewrite Figure 1. substituting the more general term unit for grapheme 
and ^letter. Thus, subroutine A would read Find Next Unit, B would read 
Pronounce Unit, D woulfl read Any Mare Units'^ Storing sounds, blending 
them, and test^g them against crural vocabulary would proi,eed much a^ 
shown in Figure 1. The emergence of larger units need not be left wholly 
to chance. Several instructional strategies can assist learners in early 
expansion of their units of analysis. One strategy is to use spelhhg pattern 
and syllable recognition exercises. A second is the gradual buildup of a 
demand for faster reading, thus encouraging children to process in larger, 
and therefore fewer, units. A third is an early focu-s upon reading for com- 
prehension, even of very simple, single line texts, so that the child's atten- 
tion IS focused on finding units that cue meaning. All of these techni^uies 
are woven into the earliest segments of our program. 

* Development of a large and easily accessed word recognition vocab- 

ulary IS crucial to the eventual evolution of reading fluency. To encourage 
this development, explicit attention is paid in our program to moving words 
that have been initially learned through sounding and blending into'a recog- 
nition vocabulary. Immediately after a new phonemic element has been 
learned, words containiriRhat eldment are used in the texts with special 
frequency. TjiiS high frequency of occurrence leads most children to 
recognize 'the words without using any word attack routines. A few children 
need special help in building recognition vocabulary, and this is offered via 
games and additional simple texts. ' • 

. ' \ . 

Testing the Validity of Instructional Hypotheses 

We have said that the analyses presented here constitute hypotheses, 
expressed as information-processing, routines, for effective instru<;tion. 
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How would one go about testing these hypotheses, thus validating the rou- 
tines for instructional use7 

We have already tried to sho\fc that the routines presented embody a 

reasonable representation of the grapheme -phoneme correspondences that 

constitute the subjei^t matter of initial reading. Thus, the first criterion 

0. 

for a good instructional routine (see p. i4) has been met — at least to the 
degree that ouJr earlier discussion has been convincing. The next require- 
ment for validation would be to establish the teachability of^ the routines 
(our second criterion) by teaching them to a variety of different kinds ol 
learners. The third criterion for an effective instructional routine requires^ 
that It be transf&rmable into a more skilled and automatic performance. 
This criterion demands a more worriplex approach to validation, combining, 
controlled instruction in decoding with systematic observation and simulation 
of decoding behavior of individuals over time. The strategy we propose 
includes the following step?: " *. 

1. Teach the hypothesized routines in a highly controlled way to' 
insure that the routines used by the child at the outset of instruction are 
the ones shown in our analyses. As part of this instr.uction, we would 
require overt pe r form anc-fr-o-f the decoding routines. Simultaneously, 
write computer simulation programs for the hypothesized instructional 
rou tines .. At this stage, we would expect a close match between computer 
outputs in reading words and the performance o£ children m the instruc- 
tional program. That is, they should make similar errors, and, to the 
extent th^y are measurable, requlre^similar latencies, 

2. Gradually loosen our demands on the child for overt decoding per- 
formance in order to allow the transformation proces's to take pjace; that 

is, allow larger units and direct word recognition to emei^ge. As these 
transformations occur, we would expect the match between the computer'^s 



and the child's performance to decline, since the computer would still be 
performing the initial instructional routine. 

3. Next, attempt to vary parameters of the simulation prt^grams in 
an attempt to regain the match between human and pro^V^m performance, 
preferably for individual children. We might, for example, introduce a 

larger natnber of possible pronunciations for certain graphemes. . We 

• V • * #• , . 

might cnange th^e 'Wit" of decoding from^graphemes to spelling patterns 

i \ <- :x' 1 
(e.g. , - iAR> " ate , etc. ). We might put into the model a larg^er aural recog- 
nition vocabyiary or a larger sight recognition \yord list^ The aim of this 
model adjus&rvent \^ould be to produce as detailed "4 description of perform- 
ance at differeiit stages 'of the learning process as ppi^ble. 

\ S ' ' 

A research program of this kind w<Hi,J-d involve a series of tests of 
reading models based on reading instruction of af particular kind. We 
believe the simulatiorfAmodelSvcan be built, although we do not yet have 
them tn running (i.e. / "sufficient") form. We do already have, ho\yever, 
the controlled teaching strategies required. 

J The instructional Strategies 

,We can describe briefly these instructiohal strategies, in order to 

iLonvey their flavor and to suggest the likelihoo'd that children experiencing 

them will indeed learn t{ie routines taught. We will describe two of th^ 

initial teaching strategies included in our progr«Lm. , Each is designed ^^r 

teacher -led sniall group instruction and uses a series of steps to guide the 

child from imitation of the teacher to independent performance. 

I ' Z 

Teaching the ^rapheme/phofieme correspondences . In this sequence, 

teachei^s give simple, direct statements to. children and fade prompts 



The material in this Section is taken diYcctly, with minor stylistic 
changes, from Beck and Mitroff (1572, pp. 44-45J*. \ 
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deliberately and systematicaflly . Technfques for teaching symboj/sound 
correspondences are as follows: 

1. The tether models the isolated sound. * * * 

f 

2. The children imitate the model. <v ■ ' 

3. The teacher models the sound again, this time pointing to the * 
symbol (the letter on a printed card). > 

' ^ I 

4. The children imitate the model sound,' while looking at the sym*» 
bol. Concurrent with the children's imitation, the teacher 

mouths the sound silently . In doing .this, the teacher consciously \ , 
establishes a cue or*pi;Qmpt. 

5. The children produce ^he 'sound to match the symbol, without 
the epoken model, but' with the silent mouthing cue. 

-6. The teacher fades the silent mouthing cue as the children pro- 
duce the sound. ' * 

7. The children produce the symbol/sound correspondence inde- 
pendently. . ' ' ' , 

Compare the directness of the above with "the indirectness and mis- 

cueing of the following procedure", observed in a traditional classroom of an 

experienced teacher. The teacher held up a card with m printed on it and 

said, "This is an m. The name of the letter is m but the gound is /m/, as 

in ' mmmmo untain. ' I*want to hear evei*yone^ say it. " One child said em, 

two said /m/, another said " mmmmo £intain. " The teacher said, "No, I 

want you to say the soun^, Listerv. /m/ as in 'mmmmountam, ' ' mmmmo the 

* mmmmo hkey. Who c&n think of another /m/ word? " I^ands went up. One 
■ *i , ^ % 

child said," 'Mmary' like my name." Teacher: 'iGoad, Mrnary. , ATi.y others 
A second child said, "We went to the mountains once. It was- our vacation 
and we slept in a tont. " "With, so many concepts floating about, only the most 
sophisticated child, could extract the relevant information from the lessen. 
Training in the technique? of prdgrammed teaching as described above can 
enable a teacher tb instru<U children in the basic skills with more precision. 

Teaching b4endijig .' Once five 'symbol/sound correspondences are 
established, they are'immediately used to blend real words. A precise 



program for tea^ching the Wending routine has been prepared for this pur-( . 
pose. You will perhaps have noted that our task analyses did not include 
a detailed subroutine for blending. This is because we know of no reason- 
ably elaborated theory for how humans manage recognise the equivalence 
of" the single sound (e. g. , /ka/) and the separate phonemes (e.g. , /k/ and 
/a/). We know only, tliat the equivalence is a difficult one arid that the 
ability to recognize it, and therefore produce a blend, becomes greater 
with .greater experienc.e. In the absence of a strong hypothesis concerning 
the cognitive processe s'lnvolved, a visual/motor analogue of the blending 
operation helps toiorganize the process for the c'hild. We have therefore 
developed ^fcs somewhat ritualized blending procedure in which motor acts 
accompany the oral blending. These motor acts provide an external repre- 
sentation of what goes on during the blending process. 

Tor example, for the word cat , the child performing the blending 
pi*o<^edure Independently would; 

Point to the c and say /k/. 
Point to the a and say /a/. 

Slowly slide her finger under the ca and say /ka/slowly. - , 
Quickly slidte her finger untie r Ihe ca ihd say. /ka/quickly. 
Point to the^and say /t/. • 
Slowly slide her finger under cat and say /kat/ slowly;-- 
Circle the word with her finger and say* "The, word is cat . " 

^he techniques'lor teaching the blending procedure include steps 
that lead the child from imitating the procedure toward performing it inde- 
pendently. Essetttially, the teacher re-peats the linking and blending of 
sounds three times. At each repetition, the teacher performs less of the 
process and gives greater responsibility to the child. At the^en(d of the' 
sequence, the child demonstrates the procedure by herself. More specif- 
ically: 



21 



er|c • u 



1. The teacher models the blc^nding p,rocedure. He models th'e soundj 
and the blends and u^es finger-pointing procedures and inte rrij^ttent 
verbal directions, 

2. The children imitate^ the model while the t^jacher repeats h6ih the ver- 
bal cues and the finger cues to assist them. 

3. The teacher repeat-^ the procedurg, but this time does not model the • 
r sounds of the blends. He gives only the verBal cues and the tinger 

Cues to assist. » 

4. The procedure is repeated. This time,, the teacher drops- the ve rlJal 
cues. He gives oaly finger cues (i.e. , the pi:<)mpts are faded). 
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. 5. The child performs the pointing, sounding, and blending steps inde- 
pendently. * . • ^ 

*» ' - ' 

A strong adva^^age TDf this blending procedure for the teacher is the 

' precise information it provides in^'ocating an error. If a child makes an 

error while peH^fcvrming the procedure, ^ the teacher knows exactly where 

the error is, that is. whicl>>linK in the process is incorrect. With this 

kind of precise •informatijoRHfte teacher can give the Aild a direct prompt. 

For example, if.tfce child's inability ta pronounce a word was caused by a 

substituted or omitted phoneme, the teacher would point to the letter and 

ask the child to say its sound. U shte hesitated, he would prompt her with 

a silent mouthing cue. If necessary, he \yould model thJ^ sound. If the 

• GTX^r wis in a blend (e.g. , the ca in cat), he would run his finger under 

/ the ca anc> ask the child t<:v.say the blend, he.woGld cue the blend if the child- 

.hesitated,^ arid if^necessary he would model the blend. This kind ofpre- 

cise information helps Ihc teacher adapt Ijis behavior to the precise needs * 

of^ the imlividual child. ' ^ 
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Throughout'ttlis p^per,/but particularly in th^ seC^tipn, we refer to 
the teacher as '^Jie, to the child "she. W6 do thi's merely to ensufe 
elarity of exposition and ititend no prejudice against female tpachers and 
male Children, ' , ' . " ■ . 
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Context andT Comprehension in Earjy ReadinK 



# • 



We will turn in a moment to a consideration of the gerteral processes 
of reading coniprehension. But u'ls important firsitt^consider Ihe role of 
comprehension in early reading behaviOr.^ Learning to read is not a matter 
of learning to recognize word^ and thejg learning tp comprehend. JRather, ^'it 
iS matter of learning to recognize >{/ords in order to comprehend. We have 
already suggested that, in initial decoding, wgrcl recognition artil some level 
of comprehension are closely 4nterdependent. The decoding process involves 
testing a blended v^ord against ,on?i Is existing aural recognition vocabvilary. 
A simple extension, pne we will discuss unjor^ fully in a thoment, is that 
the candidate word iS tested for suitability to the immediate contexts This 
testing in fact forms an integral part of the word attack process, although we 
havq not shown.it in our models V^t. Many children-'-perhaps most-- appear 
to engage in thls,testing naJ;uraUy, once they recognize that printed language 
IS a Schematic map of the spoken language they already Know. The process 
can be assisted. However, by instruction that at a very early^stage draws,, 
attention explicitly) to context- - for example, by requiring the child to choose 

.the "best fittin^f of two v^prds for a given context, or by requiring her to 
Inclicate whiA.h specific segments of a text provide eYue& to a word's meaning. 
A variety of activities of this kind are included lii our program from the 
e^arliest lessons. In addition, as the lessons progress and as increasing 
A^Ocabulary and fluency are ^developed, a few simple Corrtprehension activities 

,are introduced, jfeuch as selectuig the best fitting picture for a text of seve^ral 
lines, or following directions of several sentences' length. These aclivities^ 
are not intended to teach comprehension systematically. Rather, they help 
the reader to keep aleijt to the details of the text* and to maintain a nie^nj^g- 
detection rather than a word- fC'COgnition orientation toward the process of 
.residing. - ^ 
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Reading Comprehengion; Mapping the Domain 

We t\irn now to the possibilities for creating models, of reading com^-. 
' prehensior^joce^ses thQmselves. Whil^ we cannot yet offe*r^ models as ■ 
detailed as thdse wc have proposed for decoding, we i,an*^pOint with some 
optimism to work elsewhe r^ that may provide deeper understanding of 
language comprehension m general aad that may'thus provide a basis for 
models of text comprehension. Such work includes artificial intelligence 
efforts on sentence processing (erg., Winograd, 1572) and story compre- 
hension (Charniak, 1972), simnlation models of the un<3erstandmg o( verbal 
instructions (Hayes & S^mon, 1974), and increasing empirical work on 
natural language and text processing/ 

What we can offer here is not a formal model, but a general map of 
thie readuig cbmprehensi'o^f^Jomain, a description that cSbj, direct attention 
to importaht f^yi h'^l-'^j^i- iil^'lfcd 'n = tifff tmnil issues that should be addressed. 
Figure 5 IS siich a map. ^ reo/fesents the hypothesized ho\^ of behavior for 
an effective reader r eading^m ode rate ly difficult text. The indiv^idu^il might 
be a third grader readii^ aj^social studies text dealing with prehistoric 
animals or a, coUege^^tudent reading this paper. 

Although pnuch less specific than the models shown earlier, Figure 
5 retains the flow diagram format, because of the usefulness of this format 
in displaying the decision-imaking sequences that we assume to be charac- 
teriartic of c6mprehensi6n activity. Like the earlier analyses. Figure 5 
contains tNyo kinds of staterpcnts . direction statements (rectangular boxes) 

and queries .(diamonds). U<sing the computer program analogy, the direction 

\ ' ■ ^ , ' \ 

statements can be considered as subprograms that can be activated by the 
by the more general "reading" program. The queries are de<jision points 
at which thc^ program assesses its own st€ite and ^c^ecides" whether to con- , 
timie or to c-nter a correction loop in which more information is. sought. 
These. decisions ate uot necesea^JilV conscious. Rather, .they represtjnt 




ppints at which the reader recognizes that decTper procckssing is needed for 
comprehension purposes. The top line of the figure describes the flow of • 
processing and self-monitoring fo^ a reader who encounters no difficulties 
ai^Uinthe cx)urse of reading. This"ls a rare occasion, of course. Most 

^re<iuently, readers will encoujjter occasional difficulties in recognizing 

>\ ' ' f 

^oMs or in interpreting rripaning, these difficulties require readers to 

* • y 

search for further information. These searches aj-e described, m quite 

general terms, in the sequences s^own below Queries I through 4. 

An ongoing text processing activity is assumed (the Process Text 
boxes in the top line). This processing activity is.interruptejd^tfy occasions^ 
on which the reader decides she has inadequate information and^ ii\itiates ^ 
search foV just enough' information to satisfy her demands for" an adequate 
levet pf comprehehsion. The first such. interruption is for an unrecognized 
word ({Query I). It is important to^ote th^t a skilled reader will probably 
not interrupt ^reading for every unrecognized word, nor may she even attend 
to every separate word in the tpxt (see Goodman, 1970). However, a cer- 
tain "a'dec^uate'* level of word recognition is, re^quired, and even skilled 
rea<iers will occasionally encounter unrecognized words that are significant 
to the general meaning of the text and that necessitate the use. of word attack 
skills to decode the word. The word attack strand as shown here is a very 
condensed statement orf thq decoding routines discussed in the first part of 
the paper. . Boxes lA and IB are surnmaries of all of the material in Figures 
1-3;^ decision IC represents a check for the pronounced word's semantic 
^nd syntaetic suiubility for the context. If an acceptable word has been 
found, the readpr return^ to the main text processing flow, otherwise, the 
reader must decide whether to continue reading with bhe word still* unclear 
(ID) or to 4eck information from art outside source. The "outside source" 
for a decoding problem is likely to be another person, although finding the 
same word in another context sometimes solves the problem. 



The second.ihterruption indicated occurs when a word is sounded 
which has an unclear meaning and ^vhicft Appears important enough for com- 
prehension to warrant further information search (Query 2). W6 assume 
that"^he most frequent first response under these conditions is tt> read ahead 
^ little, searching for context that will suggest a meaning (2A). The succes$ 
of this context search is tested at 2B. Success sends the reader back into 
the mam processing strand, while failure gives her the same choices as 
before, to continue reading with the word unclear, or to utilize ^n outside 
source. Dicti-onanes, glossaries, and so on are available as outside sources, 
as well as ^the;r people, although ^otjiisor people^ may remain the preferred 
'least cfforf sovrce. We will s^^e in a m<^ment that the decision to continue 
with wop^s unclarified* may aifect subsequent processing. Nevertheless, it 
IS oftett a good choice tn heading, depending upon ihe^deptli of comprehension 
.required for a particMiar task and upon the degree of information redundancy. 

At Query 3, processing is interrupted by awareness of a sentence or 
clause whose meaning is not completely clear. The reader's first action is 
pr(|bably to reread the sentence and to test for^ success in gaining meaning 
(3A and 3B). If simple rereading fails, a* next reasonable test^would be to 
deteriT^ine whether individual words - -perhaps thrfse deliberately left unclear 
in early decisions- -are the«jpource of difficulty (3C), if so> then the word 
meaning strand is entered. If individual words are not the problem, atten-, 
tion must next be focused upon the syntactic and semantic structure of the 
sentence* The sentence must be parsed to reveal its basic structure (3D). 
This IS a complex and still incompletely understood process's, alth^ough^ son\q 
current models for sentence par^sing (e.g. , Wiilograd, 1972) may offer a 
basis fop understanding this aspect of reading behavior. If parsing is suc- 
cessful. m revealing meaning (3E), ,then the reader reenters ttie main 
processing strand, if parsing fails, then a number of decisions similar to 
tho^e for individual wprds probably occur. The readier may decide to pro- 
cecd with the sentence unclear (3H) or may turn to an outsidQs source (31).*"^ 
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We come HnaUy, at Query 4, to*a situation in which an entire sec- 
tion (for example a paragraph or a chapter) is judged unclear. As for sen- 
tences, the first likely act is rereading (4A). Next, unclear words (4C) or 
unclear sentences ^4D) may be the source of difficulty. If so, the reader 
returns to the word meaning or sentence meaning strands. If neither ol 
these 9i?^£ns to be .the cause of difficulty, a set of further tests may occur. 
Thff^reader may try to decide whether the present diffn^uity is due to her 
own unfamiliarity with the concepts discussed in the text HE). If this seems 
a likely cause, perhaps it is due to incomplete processing of earlier parts 
^ of the text (4F), m whicli case rereading the earlier part's (4G) may help. 
If the difficulties do not appear to reside in the reader's unfamiTiartty with * 
the concepts (a "no" answer at 4E), the skilled reader may begin to wonder 
whether the text itself is so poorly written that it is the cause of the problem^ - 
(4J). She may then try to impose order or> thfi text i4K). If all of these tests- 
,and actions' fail to produce clarification (a "no ' answer at 4 J and 4H), a 
fundamental decision must finally be made -'-whether to struggle ahead any- 
way. We suspect that many children in schoal do struggle through, v/\t\\ , 
very little comprehension, simply because they have been told to reaS some- 
thing. People reading hjdependently will rarely do this, nor would we rea- 
sonably expect them to. " 

The model we have presented here, as we stated at the outset, 
represents only a general mapping of reading proces.^s. It suggests m • . 
broad terms l,he |>rbbable major components of the reading process and 
how these components might interact, it does not attempt to describe the . 
processes in detail Some simplifying assumptions have been made. For 
example, we assume a highly motivated reader/ We also assume the 
availability of an outside source foi^ help- -an assumption that is not always 
fulfilled fn school reading situations. Further, we have depicted deliberate » 
"decisions" for situations in which, choices are probably made much Icsjs 
explicitly. Nevertheless, even in this simplified outline state, wc believO 
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the model as presented helps to make evident certain important. features of 
reading, perhaps the most important feature is the indetdrminacy of the 
process, Its trial and error character. Reading is not an algorithmic 
process in which stralghtfo^^^ard application a set o"f rules pr procedures 
will invariably yield comprehension oi a text. Rather^ it is a kind of inter- 
action with a text, an interaction in which information is sought at various 
levels of specificity and irt which a gradual reduction in "unknowns" is 
sought as mor-e"^nd mqrc^of the text is processed. 

One general suggestion for readx)jg instruction that emerges from 
th^s characterization is that readers be oMlicitly taught some of ^he self- 
monitpring strategies implied by the model^ Even if ,we are still unable to 
specify the details for some of the processes^utlined, it seems likely that 
alerting readers to the kinds of difficulty that mty be encountered and to 
some broad strategies for dealing with the difficulties may be very power- 
ful. Recent work in mathematical problem solving suggests that self- 
consciousness about goals and overt planning can increase success (e.g. , 
Greeilo, 1973; Resnick Si Glaser, in press). Some of the same principles 

• • c ' r 

<trc probably applicable to reading. What the present hnodef outlines are v 
some of tlfe strategies for jc,pnduc ting the inte-raction, and these strategies^ 
are shown to be heuristic - -that is, to depend on tfi'c reader's judgment alpdg 
thc<f>way concerning how well she is gathering and interpreting the necessary 

information. / 

n • ■ . • . 

The model aldo suggests that reading is a very context -bound activity, 

that IS, that the characteristics of the text will have a very great ^ffect 

. • * ' ' ^'^ / ' 

upon what c^onstitutcs an effective reading strategy. Thus, there is no 

single way to read well. Even the most skilled of readers will sometimes 

encounter £exts th^t are not processed without considjptable se.arch activity. 

Further, success m reading is partly knowledge-bound. Much depends upon 

the knowledge the reader brings to the text. Unfaxmliarity with the subject^ 

matter concepts is often a cause of difficulty in comprehension, unless^he 
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text is explicitly designed t(> introduce the reader to a ne\A. bubbtantive area. 
The instructional implication is that reading comprehension may best be 
taught in the context of a variety of subject matter rather than as a separate 
discipline, in ord^r to allow the acquisition of a broad range of knowledge 
as the ba,sis for effective reading. , 

' . Next Steps 

We have^offered a general proposal about the relationship between 
psychological theory - -especially, information ^processing, descriptions of 
complex tasks- -an,d the design of instruction. We have described a process 
in which rational analyses of reading were developed m response to questions 
raised by problems of instruction, and we have ^own soi^ie o£ the ways in 
which these models have guided' the design ofja reading program. Our 
m^odels must be regarded as hypotheses for the moment, since we have not - 
offered firm evidence of their validity as descriptions df how people read. 
But we have suggested- a Strategy for testin'g them. 

The sti'ategy proposed is an iterative one; modej^uilding and refine- 
ment, based onimstructional efforts. We believe that attention to modeling 
the reading process will become vn<ireasmgty important as instructional 
eff<Jrts in reading shift focus from decoding to the syntactic and semantic 
processes involved in cOiTiprehension. In this paper we have attempted to 
sho^w that even ti\e relatively simple skills of word attack involve heuristics 
of judgment and self -Tjnonitoring. Such is even more strongly the case for ^ 
comjirehension skills, and for this reason careful theory generation and 
testing is especially required. Our current capacity to describe what is to 
be taught In the way , of comprehension abilities is extremely limited. The 
best we now, have are taxonotnies, lists of classes of stimuli and classes of 
responses, sometimes ordered accocdii^g to relativtt difficulty or complex- 
ity. Until we "look inside" to find out what processed mediate the behaviors 
we call -comprehension, we can expect little progress\>eyond the activities. 



that now fill children's intermediate *nd middle school days but that se^m 
to fail so many children so badly. 

At the risk of prediction made too soon, we would like to suggest 
that instruction based on modelb pf language comprehe.nsion,; such as are 
now beginning to emerge from both experimental cognitive work and reljb&d 
computer modeling, is likely to differ significantly from what we 4iow know 
in reading comprehension. First, we are; likelyto focus heavily on ho^lping 
children build extensive bodies of knowledge that will help them interpret 
the new materials they encounter in written texts, this mean less reliance 
on collections of brief, unrelated reading selections in favor of extended read- 
ing and related experiences in a Jtew areas of interest* Second, we are likely-, 
tp teach children general strategies of reasoning and thinking, since it ' 
appears unlikely that comprehension of written material will involve totally 
different processes than comprehension of.oral language. Third, we; witl 
probably teach children more explicit mediational strategies K^r organizing 
and remembering what they read (strategies such as visual imaging, self- 
questioning, regrouping of information, etc. ). Fourth, we ate. liKely to try 
to help, children become aware of tHeir language processes and caU deliber- 
ately on their most effective strategies. We will seek, in otKer words, to 
establish what might be called a system of "meta-comprehension" by Vhich 
children can monitor and organize thei-r own comprehension processes. 

Such are our predictions. Our. prescription for the next step is to 
begin testing these pre.dictions, intensifying for complex comprehension 
skills the iterative princess of model building, instructional design, and 
experimental testing that is now well begun for initial reading*. 
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